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(8lh February.) 

A new Dratna^e Instrument, combining the advantages of the 
Theodolite and Level; hy George Teates^ Esq., M.R.I.A., 
Member. 

Mb. Teates exhibited an instrument on the principle of 
the spirit level, by which levelling operations were per- 
formed in the ordinary manner, and having a graduated 
base plate similar to the theodolite, by means of which, 
horizontal angles could be observed. This plate could be 
disengaged and fixed in a vertical position, so as to 
enable the observer to read angles of elevation and 
depression. By these arrangements, an useful combina- 
tion of the theodolite and spirit level was obtained, which 
would be found of much utility in the execution of works 
connected with drainage, also in surveying and other 
operations. 

The advantages which this instrument possessed in 
addition to its combined properties, consisted in simplicity 
in construction, and the consequent mitigated liability to 
derangement, economy in cost, facility in taking obser- 
vations, and its portability. 



An account of the proposed Balance Gates and Regidaiing 
Weirs for Laugh Erne ; hy W. T. Mulvany, Esq., M.R.I. A., 
Vice-President. 

Mb. Mulvany described the arrangement proposed to 
be adopted in the construction of the regulating weirs for 
the navigation in the Lough Erne district. 
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enters the condaits under the gates, by which they are 
again raised to the level of the solid weir, or proposed 
summer water. The level at which the water enters the 
second division of the chambers is governed by a move- 
able guage board attached to the upper part of the 
partition, which can be set to the proper level to make 
the gates self-regulating ; but to give complete control 
over the valves at all times, it is proposed that the shafts 
on which the valves revolve, shall rise above the coping 
of the piers, and be furnished with capstan heads, or bevel 
wheels and pinions. 

To afford access to the gates at all times, it is further 
proposed to construct a light timber foot bridge, supported 
on brackets over the solid weir, and trussed over the 
openings between the piers. It would be very diflScult 
to give a proper idea of the construction and the manner of 
working of these gates in the absence of a large number of 
detailed drawings ; it is therefore presumed that the above 
general description will be suflScient, as an inspection of 
the model, which is constructed to a scale of one inch to 
a foot, will fully explain every part. 
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See plate XI. figs. 4 and 5. The same letters have re- 
ferenee to the same partis : — An iron strap (A) was made 
to fit closely around the lattice beam, and from the under 
part of it was suspended the scale pan for holding the 
weights. Across the top there was a strong iron plate, 
(B) between which, and the top of the lattice beam, a 
curved piece of timber, (C C) about six inches long, 
was inserted, to prevent the timber in the upper string 
piece from being wounded by the edges of the iron plate. 
This strap and the scale pan, as shown in the sketch, 
were suspended from the centre of the beam. In putting 
in the weights the utmost care was observed to prevent 
momentum. 

Figure 7 thus shows the means adopted to prevent 
the beams from buckling. A A were two upright pieces 
of timber, nailed to the sole plate, (B B) and secured 
by the struts, (C C.) The whole was steadied by weights 
placed upon the sole plate. The lattice beam passed 
between these two uprights, the space being just sufficient 
to admit the beam easily ; and the rubbing surfaces were 
soaped, to reduce the friction. There were four of these 
contrivances to each of the models 1 and 2, and to prevent 
the friction against them, from having any effect in sup- 
porting the beam, they were, upon each addition to the 
weight, moved back and forward longitudinally, in which 
direction they could be sprung to the extent of two or 
three inches. This arrangement was considered too weak 
to prevent buckling in model No. 3, which was therefore 
placed between two balks of timber. 

The beams were supported at the ends, upon a piece of 
three-inch plank made fast to the face of one of the contri- 
vances for preventing buckling (see fig. 6.) Care was taken 
to prevent the piece of plank from sinking with the weight, 

K 
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EZFEBDCENT OH MOIXEL Ho. L 



Number. 


Ineremental 

Weights 

inlbe. 


Incremental 
Deflection 
in inches. 


Total 
Weight in 


Total 

Deflection in 

Inches 


1 


65 


.25 


65 


.25 


2 


56 


.40 


121 


.65 


3 


56 


.60 


177 


1.25 


4 


28 


.30 


205 


1.55 


5 


28 


• • 


233 


Broke. 



There was nothing particular observed in the breaking 
of this model. 



MODEL Ho. 2. 



Tmt. InehM. 





Total length, 13 

Length between rapport, 12 6 

Depth of bar from top of npper string piece to 

bottom of lower, 1 4j 

Ditto between centre of pegs, 1 2^ 

lochet. 

Three string pieces, each 2^ X f 

Lattice bars, each, ^iXf 

Vertical Angles, 73P 



Number 


Incremental 
Weight 
inlb. 


Incremental 
Deflection 
in Inches. 


Total 
Weight in 


Total 
Deflection 
in Inches. 


1 


224 


.40 


224 


.40 


2 


112 


.37 


336 


.77 


3 


112 


.68 


448 


1.45 


4 


112 


.82 


560 


5 2.27 1 
i 2.55 S 


5 


56 


.73 


616 


3.00 



When 560 lbs. had been on for a few minutes, the 
weight was removed, when the beam instantly returned 
to within .65 of its original straight line, and in about 
three minutes it returned almost to its first position. 

560 lbs, were again put on, when the deflection in- 
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Nnmber. 


Incremental 
Weight. 


Incremental 
Deflection. 


Total 
Weight. 


Total 
Deflection. 


1 


211 


.40 


211 


.40 


2 


112 


• • 


323 




3 


112 


JS6 


435 


.75 


4 


112 


.50 


547 


1.25 


6 


56 


.25 


603 


1.50 


6 


56 


.50 


659 


2.00 


7 


56 


.25 


715 


2.25 


8 


56 


.62 


771 


2.87 


9 


56 


.53 


827 


3.40 


10 


28 


.50 


855 


3.90 


11 


28 


• • 


883 


Broke. 



This model was constructed with much care, and in the 
breaking of it more attention was paid to keep it from 
buckling) than to the other models, which would probably 
have borne a little more, had they been as carefully pre- 
served from buckling. 

This model broke immediately on the last weight being 
added ; so that under all the circumstances, 883 lbs. may 
be taken as its maximum breaking weight. 



MODEL No. 8. 
Pui together wUh Oak Travails^ f diameter. 

Feet. Inches. 

TotalleDgth, 28 

Ditto between supports, 25 

Depth of bar from top of upper string piece to 

bottom of lower, 2 

Ditto between centre of pegs, 2 4^ 

InebM. ^ 

Three string pieces, each ^iX^i 

Lattice bars, each 3 J X Of 

Vertical Angle, .. 73° 
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close together, and connected by doable string pieces, as 
shown in plate XI. fig. 2. 

Model No. 1 was put together with new pegs one-eighth 
of an inch in diameter ; 2 and 3 with iron pegs, a quarter 
of an inch in diameter. In this series the spaces between 
the supports were — 

Ft. Is. ^ 

No. 1, 6 8 ' 

No. 3, 9 4^ 

No.3, 12 6 

It would have been more satisfactory had the lengths 
of these models been the same as those of the first series ; 
but when I first set about these experiments, I intended 
to break three models only ; and as I had to build a 
considerable number of accommodation bridges of about 
twenty-five feet in span, I broke one beam of that size to 
know its absolute strength. It was, however, too large 
to be continued in any further experiments; and hence 
the adoption of the dimensions stated above. The scant- 
lings of the lattice bars and string pieces were in direct 
proportion to the lengths ; that is, the dimensions of No. 3 
were in all respects double those of No. X, and those of 
No. 2 were exactly a mean between them. The mode of 
experimenting was the same as before described, and the 
results were as follow : — 

MODEL No. 1, Seoond Series. 

DIMENSIONS THE SAME AS THOSE OF NO. 1, HRST SERIES. 



Number 


WeighL 


Deflectama. 


Total 
Weight. 


Total 
Deflection. 


1 


W) 




14 




2 


66 C 




70 




3 


66) 


.20 


126 


.20 


4 


56 


.17 


182 


.37 


6 


66 


.20 


238 


.67 


6 


66 


.38 


294 


.96 


7 


28 


.22 


322 


1.17 


8 


28 


.30 


360 


1.47 


9 


14 


.63 


364 


2.00 


10 


07 


.16 


371 


2.16 


11 


4 


• • 


376 


Broke. 
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When 322 lbs. were on, a lattice bar near one end split 
at the top peg ; but it did not seem to affect the strength 
of the beam. 

When 364 lbs. were on, a lattice bar near the centre 
split at the top peg ; and with 371 lbs. another near the 
centre, split at the bottom peg. 

tfhe beam broke with 375 lbs., descending slowly antil 
the top string pieces were crushed. The lattice bars 
near the centre were split. 



MODEL No. 2, Second Series. 

9 ft. 4| in. In span. 

7t!«t. Inches. 

Total length, 10 

Ditto between supports, 9 4| 

Total length between top and bottom stri ng pieces, 1 0^ 

Ditto between centre of pegs, 10^ 

Inches. 

Three double six-string pieces, each • . . . 1 ^ X ^a* 

Lattice bars, eacb Oy| X J? 

Yertical Angle, 73^ 



Number. 


Incremental 
Weight. 


Incremental 
Deflection. 


Total 
Weight. 


Total 
Deflection. 


1 


206 


.16 


205 


.16 


2 


56 


.09 


261 


.25 


3 


56 


.05 


317 


.30 


4 


56 


.05 


373 


.35 


A 


56 


.05 


429 


.40 


6 


56 


1.0 


485 


.50 


7 


56 


1.2 


541 


.62 


8 


56 


1.5 


597 


.75 


9 


56 


1.5 


653 


.90 


10 


28 


.15 


681 


1.05 


11 


28 


.22 


709 


1.27 


12 


14 


.13 


723 


1.40 


13 


28 


• • 


751 


• • 


14 


14 


• . 


765 


3.65 


15 


13 


• • 


778 


Broke. 
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The only thing remarkable in the breaking of this 
model was, that before it broke in the middle, the lattice 
bars near one end were torn asunder, in which case it 
differed from all the others. 



Fecc 



MOBEL Vo. 8, Second Seriet. 

Total length, 13 

Ditto between rapports, 12 

Total depth from top to bottom of string piece, 1 

Ditto between centre of pegs, 1 



Iarh«B. 

6 



6 

21 



Inc-hc*. 



String pieces, 2lX 

Lattice bars, l^X 

Vertical Angle, 73° 



Nnmber. 


Iiunremental 
Weight. 


Inemnental 
Deflection. 


Total 
Weight 


Total 
DefleeCion. 





• • 


• • 


112 





1 


169 


.17 


281 


.17 


2 


112 


.08 


393 


.25 


3 


112 


.10 


505 


.35 


4 


112 


15 


617 


J^O 


6 


112 


.15 


729 


.65 


6 


112 


.20 


841 


.85 


7 


153 


1.25 


994 


1.10 


8 


99 


^0 


1093 


1.40 


9 


101 


.50 


1194 


2.10 


10 


105 


.65 


1299 


2.55 


11 


.98 


M, 


1397 


3.10 



After 7291bs. had been on for a few minutes, the 
weights were removed, when the beam returned to de- 
flection .25. 

With 1093 lbs. the buckling became just perceptible. 

With 1397 lbs. the deflection remained for a minute or 
two at 3.10, then slowly increased until the beam broke. 

The experiments on these three models proved that 
double string pieces added considerably to the strength, 
but still the extent of the deflection showed such a want 
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This model was broken very carefnlly, and the result 
may be taken as its maximum strength. 



MODEL Ho. 8, lUid Bairn, 

9 ft. 4| in, in ^pan. 
DIMENSIONS THE SAME AS THOSE OF NO. 8, SSCOND SBRIEa 



NnnilMr. 


IneremenUl 
Weif^t. 


Incremental 
Deflection. 


Total 
Weight. 


Total 
Defleetiim. 


1 


• • 


• • 


205 


• • 


3 


112 


• • 


.317 


• • 


3 


56 


• • 


378 


.15 


i 


56 


.06 


429 


.20 


5 


56 


.05 


485 


.25 


6 


56 


.05 


541 


.30 


7 


66 


.04 


597 


.34 


8 


56 


.06 


653 


.40 


9 


66 


M 


709 


.44 


10 

1 


66 


.10 


765 


.50 


11 


66 


.25 


821 


.75 


12 


63 


• • 


884 


Broke. 



After 821 lbs. smaller weights were added, until 884 lbs. 
were on — up to this weight the deflection did not increase 
perceptibly until 884 lbs were on for a few minutes, whe 
it broke suddenly ; before breaking, it seemed strained 
throughout its entire length. The lattice bars in the 
centre broke across. 
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FBASEB ON THE 



XOBEL Vo. 8, Oiizd Serial. 

18 ft. 6 in. in span. 
DIMBNSIONS tHB SAMB AS THOSB OF NO. 8, SECOND SBRIBS. 



Nomber. 


Weight 


Incremental 
Defleetum. 


Toua 

Weight 


Total 
Deflection . 


1 


• • 


• • 


519 


.27 


2 


108 


.08 


627 


.35 


3 


63 


.04 


670 


.39 


4 


66 


.04 


746 


.44 


5 


56 


.03 


802 


.47 


6 


56 


.03 


858 


M 


7 


56 


10 


914 


.60 


8 


56 


m 


970 


.63 


9 


56 


Sfl 


1026 


.70 


10 


56 


.05 


1082 


.15 


11 


56 


.05 


1138 


.80 


12 


56 


.07 


1194 


.87 


13 


50 


.06 


1244 


.93 


14 


50 


.07 


1294 


1.00 


15 1 

16 J 


28 1 
28 J 


.08 


1322 'I 
1350 J 


1.08 


17 [ 

18 J 


22 \ 
24 J 


.07 


1372 \ 
1396 j 


1.15 


19 


16 1 




1412^ 




20 


12 ► 


.20 


1424 * 


1.35 


21 


14 J 




1488 J 




22 


14 


• • 


1452 


Broke. 



When about 1200 lbs. were on the beam, it was very 
difficult to keep it from buckling; and, in the end, it 
buckled unexpectedly in the middle, and broke before its 
full breaking weight was upon it ; but it evidently would 
not have borne much more. 

All these models buckled and broke in nearly the 
same way, which I will endeavour to describe. 

Until nearly the time of breaking, the top of the beam 
presented two straight lines dipping towards the centre. 
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where they were connected by a short curve. The bottom 
and middle string pieces were not parallel to the upper, 
being much less depressed in the centre, so that from the 
commencement of the experiment, the depth of the beam 
at the centre, became gradually less. Just before break- 
ing, a short space in the centre, and on the top, became 
depressed, buckled to a great extent, and then broke; 
the top string piece breaking first, then the middle, and 
last of all the bottom string piece. 

The lattice bars were curved from top to bottom, the 
curve being in opposite directions at opposite ends of the 
beam. In model. No. 3, (first series) when 2,397 lbs. 
were on, the versed line of uiis curve was three inches. 
The lattice bars being curved in different directions on 
both sides of the centre, occasioned a displacement in the 
parallelism of the pegs ; one half of the top row dipped 
towards the horizon in one direction, the other half in the 
contrary direction, but both on the same side pointed 
towards the centre. The bottom row of pegs was just the 
reverse of the top row, being parallel to one half of the 
top row on the other side of the centre ; and in direction, 
the middle row of pegs occupied a position about a mean 
between the top and* bottom. The centre pegs in all the 
rows retained their original position. 

The plan of the top of model. No. 3, when 2,397 lbs. 
were on, was as shown in figure No. 8, plate XI. 

The following table shows the results of the experi- 
ments in a condensed form : — 
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THRBB 8IN0L8 STBINO PIBCS8, ONE DIAMOND IN DEPTH. 



Ne.«f 
ModeL 



1 

2 
3 



Lau^ 



portk 



Ft. la. 

6 3 



QoantltTorl Bmkfaig 

TtMbcr. Wflicfatin 

CoUe IndM lbs. 



130 




233 
f 700 

1883 

2961 



Total 
D«fl«ctUm 
in Inchci. 



Kdstionef 

the 

DeAaetkm to 

die length 

lietweenthe 

■opportB. 



3.40 
3.90 






0B8EBTATI0N8. 



AveryCdr 
eond time opflriment 



Very cereftilly broken { tiUt 
li its maiiannm wdght. 



FUr 



THMK DOUBI^ STRING PIE0B8. 



1 

2 
3 



6 3 


222 


• 

376 


2.16 


A 


9 ^ 




778 


3.66 


A 


12 6 




1397 


3.10 


A 



AFafarEqierfanent. 
A Fab E^eriBoant. 
A Fair Experiment. 



THIED SEEIES. 

TWO DOUBLE STUNG PIECES, TWO DIAMONDS IN DEPTH. 



1 

2 
3 



6 3 
9 ^ 
12 6 



184 



437 

884 

1462 



.90 

.75 

1.36 



Tfr 



A Fair Experiment. 
A Fair Experiateat. 
Wonld hat* borne 



Although the results of these experiments indicate two 
or three general laws, I consider uiem too meagre to 
admit of anything very satisfactory being deduced from 
them ; I will therefore leave them for the present as they 
are ; but as I intend making some further experiments, 
I shall probably on some future occasion be enabled to 
lay more satisfactory results before the Institution. 
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